"moving metal" mechanism. In this mechanism proposed by Oezguen et al. (2007) , the metal moves from site B to site A during the catalytic cycle. This model is an updated version of the "two metals" mechanisms proposed by Beernink et al. (2001) . The "two metals" mechanism is referred as the Wilson and Rupp model by Lipton et al. (2008) .
B) The "site A" only mechanism. This mechanism suggests that there is only one metal in site A. This is the model proposed both by Tsutakawa et al. (2013) and Mol et al. (2000) . This figure is related to the figure depicting the overlay between the different 5-phosphatases and APE1 endonuclease (Figure 4 ).
SUPPLEMENTAL EXPERIMENTAL PROCEDURES Entry clones
The cDNA from human INPP5B (BC058932) and OCRL (BC094726) were obtained from the mammalian gene collection. The cDNA from human SHIP2 (TC124029) was obtained from Origene. The cDNA from SYNJ1 (AB020717) and SYNJ2 (AB384465) were obtained from from Kazuza DNA Res. Ins.
Detailed description of protein expression and purification
His6-tagged proteins corresponding to the catalytic domain of INPP5B, OCRL, SHIP2, SYNJ1 and SYNJ2 were expressed in Escherichia coli strain BL21(DE3) R3 pRARE.
Cultures were grown in TB medium supplemented with 8 g/l glycerol, 100 µg/ml kanamycin and 34 µg/ml chloramphenicol in a LEX bioreactor system (Harbinger Biotechnology) at 37 ºC until OD600 reached ~2. Cultures were down-tempered to 18 ºC over a period of 1 hour before target expression was induced by addition of 0.5 mM IPTG. Expression was allowed to continue overnight. Cells were harvested by centrifugation (4,430 x g, 10 min, 4 ºC) and the pellet resuspended in lysis buffer (100 mM HEPES, 500 mM NaCl, 10% glycerol, 10 mM imidazole, 0.5 mM TCEP, 2000 U Benzonase Merck, Complete EDTA-free protease inhibitor, pH 8.0). Cells were disrupted by sonication (Vibra-Cell, Sonics) at 80% amplitude for 3 min effective time (pulsed 4s on, 4s off) and cell debris was removed by centrifugation (49,000 x g, 20 min, 4 ºC). The supernatant was decanted and filtered through a 0.45 µm flask filter.
The filtered lysate was loaded onto Ni-charged HiTrap Chelating HP (GE Healthcare) column and washed with IMAC wash1 buffer (IMAC wash1 buffer: 20 mM HEPES, 500 mM NaCl, 10% glycerol, 10 mM imidazole, 0.5 mM TCEP, pH 7.5) followed by IMAC wash2 buffer (20 mM HEPES, 500 mM NaCl, 10% glycerol, 25 mM imidazole, 0.5 mM TCEP, pH 7.5). Bound protein was eluted from the IMAC column with IMAC elution buffer (20 mM HEPES, 500 mM NaCl, 10% glycerol, 500 mM imidazole, 0.5 mM TCEP, pH 7.5) and subsequently loaded onto a HiLoad 16/60 Superdex 200 Prep Grade column (GE Healthcare) equilibrated in gel filtration buffer (20 mM HEPES, 300 mM NaCl, 10% glycerol, 0.5 mM TCEP, pH 7.5). INPP5B was further purified by ion exchange chromatography using a MonoQ 5/50 GL column (GE Healtchare) and a linear 0-500 mM NaCl gradient in a buffer consisting of 20mM Tris-HCl, 1M NaCl, 10% glycerol, 0.5 mM TCEP, pH 8.0. For SHIP2 the N-terminal histidine tag was proteolytically removed by incubating the target protein with His-tagged TEV protease in a molar ratio of 30:1 at 4 ºC overnight. SHIP2 was purified from tag and protease by passing the reaction mixture over a Ni-charged 1 ml HiTrap Chelating HP column preequilibrated with IMAC wash1 buffer.
To remove any bound metal ions from the proteins, dialysis against gel filtration buffer containing 25 mM ETDA was performed in a Slide-A-Lyzer 10 000 MW cutoff dialysis container (Pierce). Samples were subsequently dialyzed against gel filtration buffer without ETDA. polyacrylic acid 5100 (sodium salt).
Data collection and structure determination
X-ray data were collected at beam lines ID29 at the European Synchrotron Radiation Facility (ESRF), IO3 at the Diamond synchrotron, BL14.1. at BESSY and I911-2 at MaxLab. Data were indexed and integrated using either iMosflm (apo-INPP5B-cd) (Leslie, 1992) or XDS (for the four other structures) (Kabsch, 1993) . Scaling was in all cases performed with SCALA (Bailey, 1994; Evans, 2006) . All structures were solved by molecular replacement in PHASER (Mccoy et al., 2007) . Swiss-Model (Arnold et al., 2006) produced molecular replacement search probes based upon the structures of Spsynaptojanin (PDB entry ID: 1I9Y) (Tsujishita et al., 2001 ) (used to solve apo-INPP5B-cd and SHIP2-cd) and PtdIns-4-P1 bound INPP5B (used to solve OCRL-cd).
For product-bound INPP5B-cd and OCRL-cd, apo-INPP5B-cd was used as a search model. Structural models were then completed and refined using iterative cycles of manual model building in Coot (Emsley et al., 2010) and maximum-likelihood refinement in either Phenix (apo-INPP5B-cd, OCRL-cd) (Adams et al., 2010) or Refmac (for the three other structures) (Bailey, 1994; Murshudov et al., 1997 ). TLS refinement (Schomaker and Trueblood, 1968; Winn et al., 2001 ) was used in the case of apo-INPP5B-cd, SHIP2-cd and OCRL-cd using 2 ,3 and 6 TLS groups per monomer, respectively, using the TLS groups determined by the TLS motion determination server (Painter and Merritt, 2006) . At the end of the refinement R cryst /R free reached 19.1/23.1%, 17.2/20.5%, 17.6/19.9% ,21.6/27.2% and 21.0/26.3% for apo-INPP5B-cd, PtdIns(4)P1-, (3,4)P2-bound INPP5B-cd, SHIP2-cd and OCRL-cd, respectively. All pictures were prepared using Pymol (Schrodinger, 2010) except Figure 3D and Figure 5 (panels A, B and C) which were generated using LIGPLOT (Wallace et al., 1995) and ICM-pro-3.7-1e (Abagyan et al., 1994) and, respectively. Crystallographic data are provided in Table 1. 
